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Abstract 



PROBLEM TO BE SOLVED: To control the feeding volume of a rhaterial gas sublimated from a slid state 
source, to compensate a change in the effective cross-sectional area of a stop part at the time of controlling 
the feeding volume of the material gas and to control the feeding volume of the material gas passing the 
stop part at a subsonic flow. 

SOLUTION: A material gas sublimited from a solid state source 50 by a cylinder is supplied to a CVD device 
30 through an orifice 33. The flow rate of the material gas passing the orifice 33 at a sonic velocity flow is 
calculated based on the upstream pressure P1 of the orifice 33 which is detected by an upstream pressure 
sensor 34 and the upstream temperature T1 of the orifice 33 which is detected by an upstream temperature 
sensor 35 and the flow rate of the material gas passing the orifice 33 at the sonjc velocity flow is held at a 
set point by controlling the .upstream pressure P1 by an upstream pressure control valve 21 . 
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wizts^T* mtmm**i*s m&v-*%%¥£vtzzkiz&im±uzb0x&&zk£ft®ik? 

fB±;,?u;Ujgiz>+>-<D#*(D&aii^ 
BuiB*;m#x<MM£i££MicG^ 

[it ^ii3] im^2\z%mt%x*&m\'Mmmz&^Xs mmmxit. m*v-x£f^£ 

vtzztiz&im&Ltzt(Dx&%ztmm?%iimifeMm&w.o 

cis^iS43 m^«i xmmm3izt^mt^7,imummmizis^x. mb±^e*i*w/^u 

-?i*E*££m^iei!)«t(D^fc3^ 

[» ^ii5] if jbmtmmw^tftfr-^izimt&fixmmmmwizte^x, m&m 

C»**7] If^17lj5if^]S4CDl^^-0|ZiBm^^X^^$lJ^^aiCfcUNT,Mfi^y 

[1**58] *t^XO)ttjS*$*J(»f *^Xtt*&4iJtBiSai=fc^-C. tfrEtmtfXtfaEMSlET? 
-£M«LTffliB*-&&y»^ KriB»y»<D±SlEE**«»«±3lCE*W»A , WU^. HUE 
»ytt<DT3lEE*£IJil|S*5T^E**]ffl/\>?^ fr«B«y«P(D±3!EE*$ttai-r4b±3(EE*- 
ffilS»yfiPa>T3SEE*^ai-r'ST3SEE*-b>-9-i:, fflEfcy»0)±3iE;a££fcaj-f £ 
±3iE;£j£-tz>^<!:£{f ^iB«^X<Dtt«&^lzj3(t^|?rlH±3SEE*-tz>-9-^:frET3lEE*-b> 

^£HUE±«jf*>^<D&*<&^ 

iflrE&y&©±3SEa£ffiE±^Eaffl 

»©T3SEE*^WET^E*«iJ»/^U^SIfiSt'*^tlc«J:oT,frE«y»$fflia-r§frE*t^ 
#*03iE*£l££Mlcfto^lc£y,li^ 

[if^^9] mmmztmt&fi*mmv\m%im\zte^x. mm±^Ktium^^y(D^mmz 

fclt£lffiE±3SE;bHz>1*<tffirE±3fc^^ 

ys©^&»rffifc£teffl«c£ic«fcoT*ii^ 
v-x^*$#fc^tic«kyii^L/i : ta)-cfc§^^i#at-r-5*^tt*s*jfflisSo 

[S**51 1 1 if #51 0l=E*-r**^tt*&ftii»SSI^*5^-C, KrE±K[E*lfl»/^U^I4Elfiffi 
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[fi#ni 2] tmmibmmmi 1 oi^ftfr-^\ztm?zisx&&Mmmmtz&^x. mu 
[m#jsi 3] immsnrntmrn^ 1 (D^tti^--Diztmt^isxm^mmmmiz^x. Me 
[it^in 4] tmmi 7bmmm-\ 30^?ftfr-^\zimt%j3ximmfflmmizt$\,\x. mu 



[0001] 

[f§Bj^jii-£ ) £ffi#i?]*^^ 

-So 

[0002] 

m*(D&®r$L*. *m&m&mw\zt$^x. m?t\*. ^x-^mwiznmttmzv&cvDmm 
x\t. mmmmmt^m^^^mR\mm0m^^oji-/\±izm^Lxi^ o zo 
tz^3L-/\mmizMf&£hmmzmmot(Dizt%tzft\z^jL-j\±\z&^^ 

Z-mm&&Lxmife£-eZ><&Wtf3bZ>o 

[0003]^-^T\ CVD^MlcfeLNTIi, ^JL-J\±lZ&&£h%mW*£-mw&ffiLX&@i£-£ 

&i3xm^m%tw.tf&mztix^z> 0 frfr&tfx&m\mmm\z\£. mi*. ftr*i¥i 0-5521 
8^<*mztm2fotz&t>^mMwmmtfh%o nmw-i 0-5521 8^<*mztmz*itzf±ji 

2 ttm . 4<feyx#LMi^ic s t^xz^mfax&mt&ttmrtxnziimQctf, q c =kx sx p t 

[0004]&oT, mWXtf^mfiUZ&iJ^ ^-'J^XOTMJ(7)E^P 2 lC^-T^'J^X(D±3i! 
{|«<D±3i£E^P 1 (7)JtP 1 /P 2 tfttl. 4<fcy^#lt4lliv-^E*^tiiSr^ai^*L^7|-'J^xa) 

[0005] 

[3£W$;*Ufcd<!^ 

±izm%&tZ)m-£>\z\z^m¥'\ 0-5521 8^mztm^tzmti^mMmmmxitsMm 
tzzttfxttni^mtf&'otzo 

[ooo6]/jr-tf^b. zo^t^^zit. m&v-**%fo<D®.m\z-fz>i&^tf& 1 ). m^%W(D 
^m^m^t^\z\t.m^mzmzt^iii\tt6.iDts.i^. *H%mmtzmwitfm^tzfrt>x 

[0007]£7i. ttWlXiZkiXlt. *in47,OfaWfe-kZ*lXmuUz<>) ,**)7s(X<D}?i&tf 

zmstffoztf. sm^o-552A8^j>mztmzfttzE.t>j£famnmmmx\t. ±&Ltz® 

[ooo8]^/c, mmmmomm * i )74x£mmt%#®iSx$R%&ffi\zLfti+ft\*tttj; 
^mstf&ztfjsm^ 0-5521 8^<&mztm£fttzi±ttfam\mmwxiz.*<)74x$: 

mt&mw^nmmmzmmt&zttfxtt^mmtffo^tzo 

[0009]*CT\ *§tmts ±&LtzffiW*%m%t&tzfclztj:£fttz±0Xfo<>). SttV-Xfrb 
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fooi omtz. ttnisxom&mzw'Mt miztei^Ts ®zw<D%%immm<D£it&mz£&x- • 
£a#*#*&iM»«a£»#«w££BW£*^ 

[001 1-jf:k*fcy»£EMaT?aifl«#^ 

»«a£«flt«-££Btt£-f*o 

[0012] 

[HM£**«fc*a>^«];:a>BW£art«fcfcf^^ 

i*. tra#*#M3!ET?-£*ai*LTaa«ifcy»£, WE«y»a)±3iEE**si»«±aE 

E**l»/^U^, lWE«y»a)±3l[E**«UJ«±3lEE*-b>-9-i:, flrEtty«M>±3lEM£ 

ffljt-b>-9-a>#^<Dttaiis*ic»'5t^, mrE«yw*aa^"*iKrE*t»*x<D3[E«$*ai-r* 

frE^y WO±3JEE*$llirE ±3!EE*Wffli/^U^'C»!flSLr, frE^ysp^fiiS-r^fiEW 
a#x<D3lE*£Mtticfco^ic<fcy.trE#^ 

[001 3]*fe, »*«2ic«§*-xtt*&«iH9gaf±. ttttffxtfMsre-sMatfcLTaa-*-* 

WMts «TEJlSySPa)±3SE*$ffl«S-r*±3!EE*«iJffli/^^. «rE«y»a>±aEE**«ui 

«±atE*-b>-9-i, «rE»y»o)±3ta§E*«iaif *±sta**>-9-i**L, «nE*ra*u 
8y$£aa*-5ffirE#8#*©3tE*£JtHJ?^ 

«iM-;u^liflSLr. WE«y»*aa«WEtt»**X<Z)3lEa^i9:Sfitlcfiloci:»c«|:y , tfrEtt 
*flTB±giEEa4r>1teflrfi±3fEa*^ 

^(t-r^c • . 

[001 '4i*f=, if *m3\z{&&jixmi&Mmmm\t. it *^2izE«-r**^tti&««j(BiSiST?fco 

R**4lc06-S^XttlS*i]ffll.gSI*, If **1 XI*»**3l=E*r*#X#|&«»B«"Cfco 
[001 5]*fc, Mf#fll5lcft-&#X0U&1M«ittatt* H*^1 7bSlf *^4<DL^tt^-oizE« 

a^m^nmmmit. »*«5icE««#*#iMHJ»8«T?&ot; WE/x;ua>^p-h»a> 

[ooi-6]*fc, »3fc«7icft&#x0W&*ittigBi** l»*^i7liMIS*«4(D^-r*i^-oi;Ett 

t-£ff*#*s*]»£B-efco-c\ tftE&ya#*u>fxrfc&::££i#«£-f 

[ooi 7]*fr. immsizm^ximmmmmit. m^^^m^um-r^^mmmm 

it'feot, «rE*t»^x3b<aEwasS"e-s«a«Lraa-r*»!y»^, itoEifcy «kd±3Iee* 

*n»«'±3tE*«»/<;^, UfrE«y»a)T36E*$ISIlS'r*T3S[E*1M«i/^U^, ME 
$y^<7)±;ftE2)£&aJt£±;ftE*iz^^ 

£s mtmm<D±^m^Hit^±Aum^>v-£^^ mmnii*<D&&#fi~mm 

E±^E**>^ilWETaE**>^^frE±3!EaS*>^<D#^(Dttaiteftlcat^t^r, w 

E$y^£&a^&ftrE#mrx<7^ 

j:ot, frE»y»$aa"ri>ii(rE*t^x(Dg!Ea$ia:3taicftoci:ic«i:y, tfrE*m#*©tt*6 
[001 amtz. m*mizmzii*mi&nmmmiz. »**8izEK-r*^ttt&«»P*aTf*o 

T/ME±;ffiE;ftfl]i8)/^<D±P^B#lcm 

0^ai^mi3SoaNT^ai$nfrflE^y^(DW^»T®m^fflt-^C < !:lc«feoT,flE^y$P$ 

aa-r*iKrEtt»^a)3tt«^itai«c^i**tr*, 
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[0019]*fc.»#Wl0lZff^Xttlfc«*P«BI*.»*»8XI*BI*a9lC|B««*^lft« 

fcr&tfx&^flJ^mrfcor, M§e^y^*vx>rfc6z<h£^<!:«o *f=. 3ic 
[0021 ]*f>, ii^in 4\zfaz>jix&®MW£miz. tmmi bmii 30^-f *ifr-oizts 

[OO22]Z0j:?£:ft£$II££t-3*SgBJ^^ 

OtiimQtf, Q=KK x SS x P1 x (273/T1 ) 1/2 UIU KKI* 3£», SSIi&y $|5(7)^iT®«. T 

fo°o23]^or, tm#*tf*>*3iEitfcy. «y»a>TaE*P2ic*t-r*«y.»a>±sKE*pi © 

ttPl/P2/)<-Sffim±l^fenii.±3lEE*^>^r«tti$^ttyaa)±9Kff*Plt.±3SES 

Jt*>1^efcaJ&h,£&y8P<D±3iES£Tl£lc^^ 

*Q£*tfit'5;:fcJ&^££o*fc*&yS(D£^ 

y . ^y^^iS3ST*ffiiflt-€)^*4^xo^aQ^is^fticso^t^t-5o 

[0024]-£LT, H{*7-X£ WS-fe^fcl^fcoT, ft<*<DftHlwfc€)@{*V-X<Dtt^*^*f§ 
£.tt%ZttfX*£& 0 &iX, @{*7-Xfrb#*£itfctt^#*£. tty»^LT,.(«*ti. CV 

[oo25]*tc. *§£BM0tf*&mmmmw.\t. ±aE**J»#*^ffli-u=*^i=, ±siee*imi» 

'#fr&fctj»*T?<D§»va>EaA^ P 

x (V/SS) xln(PH/PL) x (273/T) 1/2 «IU KK'l*£8u SSI*«yfiPCD^.»ri5», Tliffi 

!EV<DSS)^'ififtl$*L*.ISyW©E*»Tl*14*fi|ffl-r* : ba)T? : fei&*. 

[0026]ftoT. ±3SEE**J»#A^<SySP*^©§»Vt, E*PH % PUk, ±;,?lE7J1M#££ 

fflizLfc*^i^ ±3SE**>-9-c«iai**LSffiriBva)E*PH. puzm-i^xttmzft&KDxfo 
r. ^<D«fc3icjtm*nf=3Ktt©»yfipa)^stii5fffifltssii, mMtt&fttvmmt&ttwsxo) 

Q'=KK" xSSx ((P1-P2) xP2)1/2x (273/T1 ) 1/2 UIU KK" l*^8u SSIifcyfflKD 
^VriBff. P1 l*«y»<D±3KE2k P2l*«y«a)T3l[E*, T1 litWtta>ii3Ka«)«>'<jUS 
-> f <7)5£-Cifi^$tL§, «ytt<DE*3lE*1#14£*iJffl*"5*0>'efcSo 

[0028]ftoT. *m# XtfMiSSSKfefitf* ±3SE**>1^fcaJ3ft&»ya©-t3&EaP1 
T3iEE*-b>-t>-e«aJ*H*»yfiPa)T3SEE*P2t, ±3£;B£*:^T?&m£*ia«y»<D-t 

<hic£ov-c, tty»*aMafcaa-r**t»^©a*Q'**tt"*-*-i^-c#*« 

£tc^y^<D±3£E*Pl£±^iE;fo1l^ 
E?3liH]$/\>:^CiSSI^i>^ 
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[0030]fl, *mBR<DliX&$&Mffl%miZt$l\X. @ttV-Xfrb»£ttf=##ffX£&tt<Dtt 

zfe&tzztizzmmi^oizLxi^o 

coo32]^fe> ^nmo^xm^nmmm.omjmt. tvz^x. jx^uat^m^w^ 
\z s vmisxtf : gm}fcxmm?z>i§i'&iz\ts yx^oxa-b^oT^iz^x^m^mf^x 

coo33]^t?*.s ^%m(Diixmmummmxit. mfrj-xfr^mmz-ttzttnuxz, mm 

ZftLX. i&&tZ>Zttfx£Z>tt&lz^ ±faE.J2-b^-*Xfeft$tiZ>mm<D±%iH.Jlt. ±3SE;S 

}$iw£mi£mzU'DzttfxzZ)<Dx\ mwv-xfr*mw£vtzmwx(Dmi&m£%\w-?z>z:t 
[oo34]^/c, *^Bjo)^x^^ij^^-eii, ®v®zm&?z>ttmii*<D7fcmzw.fttz>mz 

[oo35]^fc. ^mm±^m^ummmxit. ±.^.\±^^x^^^mmo±.yk\±^ 

B.tizm^x. mv®£&^mftixmmt&mwx(DAw£M.ftu ztz. mm<r>±.yfo\±tt 
±35tE*»MOu?Tij?]S5«^^ 

M.mw^^m^ixmmt^miix(o^m^Mmiz^zt^x^mx\ m^z&g 

mfaxmm?&mwxom®wzmmtz>zttfxzz> 0 

[oo36]£/t> *mw<Djixm%&um*&mz&^x, mmo±.^\±^mmt^>±.^^m^ 

;u:WESi£m^iEite^ 

^-nmix&zWi'&izit. ®fov-xfr*mmtttzttmisxtfm%x&oxt, ±^e*i»p 
M^u:?TW^<&±;,?iE;ft£M^ 

iz^mi3^ox\ ®fav-xfr^wtttzttmjixtfWi%xfo'oxbs znm&mznwtzz 

lz, SXMz-Dl^Xlt. XU-\*n<DTfa\zfaX^timftttliZ>ftTl^t<DXfoti\£s tV^XV 

/x^u&^jt^iS&y^c&T^E^^ 

mw<DT^.s.ti^\tim^)m^xt, xu-hwzm^^tm^Mov, mwx 

mTfa&*\znt%m&o±fcE.*<Dft)*WLnt%>z\£tfx£z> 0 

[oo38]*fc, *mmji*m&mmmmzti^x. ^misx^cyDmm.izm^t%>^\z\t. c 

vDmw\zimzft%ffi<Dttm*£nmxumz-ez>zttf&<. zvtzit. tmtf^w gas-p 

[0039] 

immmm(DwmmT^mBM0mm0mm^m^pmLxmmt^ o miit^mwm^.<o 
<t>*-/\mmjLm\zmz>. cvomm^mLtzmmB^o^yo-^x^x. xmrnmrn 
(Diiximummm^m^tzto^TFLtzWtmmx^o 
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[0040]CVDgB30l3\ JCStK>^31 Iz£oT, &%ntotfmK#mtUtz*lZ>*,<DVlb&o *L 
T, CVDSiS30i:KS7K>^31 (DHlztt, CVDg«30<DfcEttlg£S&ra^fl]fl|-r-&T3SEE 
*1&lttl#20£\ CVDga30tKS/H>^31$itBfr*j|l»r#'10^i8:Ct^*LTt^, 
[0041 CVDgB30l::li, Mr#1 i £tf*LT. ^i-/\gffi<DiiJi#^£lf J$-f <i>7citfr 

jr**-H 1 fctO-e*oT(ZC-CI4, ft^aBate^H^OPjh *0!>**MteO. 65kPaT:250 o C 

LrcvD«ii3ortiztt«&«cticj;or, ^x-'^mmizmmommzmmttxi^o zotz 

filz % i/>J>^32i:3iif#1 1 (Dimic, »y»T?fc-6^-'J7-fX33, t7-K^ti"T*fc€)±3iEE^-lr> 
+J-34, t°7-m^Itr*fe€)T;7SEE*"tr>-9-51 % ±3SE;UJ£-tz>t>-35 % E*&SftT?tt«i3*iS±2llEE 
rtfl]^\^:?21fc^^ 

[0043IM2I*. frfr£#*#£*!l«lS1l0>-fcl£. BfffiHTJ^'LfctiD-C&SoaiT?*^^ 
X&OJ$P3£Bl*. * y^X33, ±;^E^Hz>^34, ±3fc£j£-tr>-9-35. ±;3EE7Jfljfl)/0u:?2 

ffl«iB-ca&*p^K/^>22$KE<'r$*N, -ta)rt»ii^r#«Tffli^*irfcy % £ b iz. 

-1 . 0 x 1 0 5 Pa£;l£f5H<h-f &L°7-a£lt-efc3o *fc, ±3lEM*>-*35l::oivCte* ±%L 
E^>^34^fc£e7-E£f+0;UJ£;1^ 

1. 0xi0 _1 ~1. 0xl0 5 Pa^;IiJ^tBffli:-r^t o 7-m^Hi-efc^o 
[0044]M1IZK L J. -CTrii; *y?-fX33, ±3SSE^-tr>^34, ±3SESfi-b>-9-35, ±3SE*4fl 
*£|1m*;u?21 , =i>hP-^40^«h^Nb^^^xm^*iJili^M^\ v'J>y32rt-eil^v-X50^b 

M£i+*:#^X£CVDigm30.^ 

[0045]A^£#Xtt*&*lJffllgBl*; ^ l J^-<X33(D±^E*P1 (±%iKtHz>y-34X&tii£tl 
3t<D)<!^y^X33(DT;;FiE;foP2(T^ 

oTt,^(DJ:bP1/P2^-^M(mT.rpg^ja^)m±lcfe^ii^|Zli^<J^X33^ii 
3iE^iIiB?"£#*4#X<D3!E*aj&^ Q = KKXSSX P1 x (273/T1) 1/2 UIU KKI££$L SSI* 
*'J?-rX33a>*ra&»r®flL T1 l±^-U7-fX33<D±3iEiaST?fcor±3SjaS-b>-b-35-Cttai**L 

^©a^ifi<tt$4l*,+U7^330E*3SE*^tt*fiJfflt-*t<DT?.a5-5o 
[0046]^*llC<fc*i(i % ;fU7-r3.33(D±3!EMT1 (±3lESJt*>1*35T*&ai&K<&t(D)jb<-Ji 
^fcy*^^X33CDT3lEEAP2(T3lEE**>^51^ttttl$*li > tO)lc^^U^X33(D 
±3IEE*P1 (±3S!E^iz>^34T^aj^^<C)(DltP1/P2A<r|®^Ij^±|cfctil*\^- | J^ 
^X33<Z>T^E2lP2(T3iEE7Jiz>^51^^ 

±3IEE*P1 (±9(EE**>^34T?ttai$n*4i(D)$toT,*i$a^y^X33$fliBt'**t^ 

[0047]M3I*. Ml^CVD^M30$^fflL7i:jillff^l^<D7'r>lCfctNr, 3j-'J7-r;i33<D±3lEM 
JgT1 (±^S«^>if35T?ttUi$n*t(D)^*ja-e-3tlC&y^ l J^X33<D±3lEE*P1 (± 
atlE^-tz>^34T^£li^tl^ : t(D)^3. 9kPa(DgtE$tL^^ST'-^ICfe-5^^|Ztt s ^'J^X 
33(DT^E;fcP2(T/TiE;foiz>^51^&ai£^^ (± 
3!EEAHr>-b-34T?ttai*tl*t0)<DJtP1/P2^2. 8(rpg#jLfej|zffl^5fc(D)Ja±lcfeH 
l*\ M3[ET?*'J7**33 (Htffal mm<Dfc©)£fflirr£###X<D3SSQ;&<, ^-'J^X33(DT 
3SEE*P2(T3SEE*4z>-9-51 T^a^tl&ttf)) d^W^ft&dct&C -felzfo&Zk&TjkUzmT! 

[OO48]iShM30r-$l*,*y:7^33<7)±^ 

i-X33(D±;litE±)P1 (±faE.ft&V34V&lh£h&b<D)&X£<±TlZ*sJhtttzm'£Vts 
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[0049]Sfc, ®30)T^*lt+ *'j7^330±aa«T-1 (±%t%m-b>-*35Vmth£tlZ>t<D) 
tfiHt%lz1b&TVWaLt=.b<DVjbZ>&s ±^Ltz^.mQ(DW^^mtM. *'J^X33(Z)± 

[oo5ol«feor,*U7-fX33a)±ata*Ti (±aia«'b>-9-35T?ttai**i*ta»^-*icfty, 

■±3SE*-*flffl#21T?^- , J^X33<D±3SEE*P1 (±;TiE;fc^>1^^&ai£;tx&tCD)£-£lz 
fSWLf::«£lCl* % *'j:7**33©T3SEaP 
U?*X33<D±^E;ftP1(±3SE73^^ 

CVD«30££©lB«**TfcMlLTtN #jSa-C+'J7^33$jia-r§*t^X<D3SE*Q 

[0051 M4(*s Hl©CVD«1l30$ffifflLfcaifll»aa)7-f>lCfel\r, *"J7-rX33©± 
3!Ej1«T1 (±3(EM-b>-b-35-c?ttai$*i*tia» A«-ST?**Jf^lztt % M3lfC*';7-fX33(S 
A<jKi1mm04ia»$iiffl^tt3l4*^fl>3lE*QI4\ ^- | J^7.33CD±3SIE^P1 (±3KE*-bi/-9-3 
4T^ai^Hi)t<7))lc^LTEl^ , l±^fc^-«!:^^L7ill|-efe^o 

[0052]jSi,M4<DT J — *iJ7-fX330>±3lESftT1 {±^&&-y-35t;fc\ht!tl&&<D)tf 

a*T1 (±3S;SJf iz>^35^&aj£ft&&<&) j&«bi*v— xsoo) j**a*Jai±a>rta-e*a»£- 

T?fc^<D«lRlJ&<fc:b5££lifcl\ 0 ' 

[0053]J:oT,;i-y:^rX33<7)±;;ft;££T1 (±3SE;SJt-t>-9-35r«iai$*L§ : fca))3&<-SlZfc-51i 
*lCtt % ^U7^33©TSItE*P2(TaE**>^5irttai*tl^(D)A<CVDM30<j:if© 
IB#£5*ttT*ttLT4,, M3S"e^ , J^7.33^jiig-ri)W^X0;jf L MQ^. ±3SEE**0P#2 
1TlJ8i&£;h,&*U:7-^ 

(tf-eMl^*n^tGffl60^iDiaLT, :*U?>rX33<7)_t3!i;SJf T1 (±;,fi;U'Jt^>+f35^&tii£;h,6 ; t» 
<©)*^*aSm±©S;4lc*t}#Lfc«^rt^U^X33©T3!EE*P2<T3SEE**>t»-5lT? 
«ttt**l«tO).)r->* , r-6* , J^X33a)±aE*P1 (±^i;UJt^>^34T&a£ft&t0)<DJ£P 

i/P2^rRMjja±ic«fc*;h/civiitf % M 

[*> ±36E**J«I#21 -efflflS**l-S* , J^X33<7)±gSE*P1 *tioT*J»f S-tA^^o 

[0055]|Si^U^X33<DT3lEE*P2(TaE**>^51^tt-ai$*l*t(D)lc^^g7-rX 

33(D±3KE*P1(±3!EE*4r>^34r«ai$*i*t©)©JtPl/P2<DriSMj^^- | J7-fX3 

3<D±atautTi (±3Ksft-b>-b-35Tf«tB**i«ta)-)icm^'>«»-r<6 0 tot, frsarwj 

7^33$aa«tt«^X<D3SE*Q$, ±3lEE*1Mffll#21 -ClM5**lWJ7-rX33a>±StE* 
Pi^tor*J»P"r*Brctt,C(DjiSilcoL^T*#Ji*4t<6. 

[0056]*lC, *i)74X33 % ±3SE2Hz>^34, ±;Mj£-fe>t>-35. ±3lEE*#J»/^U^21 , =3 
>M3-740ft£frb&5#X$f&flJ»81I;&<, v'J>^32F*g-eEI^V-X50^b#*$-y-f-^*4 
^X$CVD««30rtlca«Wlcttt6L,^<Dttl&«$*JW«»l^¥JIlCO^TlttM«o 
[0057]5fe-T, Ml«)»Pii®H^t-^T*jDlftLs ■>'J>^32F*q|CO^rii250 0 CIC-ri) 0 ^0)-73 
T% Mr#T1 ,12.1 3£fflC. it»r#'1 4, 1 5£±xftE*1M»#21 £|Jflltfc#flBT?. ^'J7-fX33 

i(Dr B i^^«b«^>h^>(7)S^7K>^(gi^L^^)^ij]^r. vu>?32fl£ 

@ftV-X50<Dfi&faKlftE(CC-ei±, 250 o Ce0. 65kPa)J2lTlC»E-r*o-tLr, v'J>#32 
l^(DE^PO^@^V-X50(Dt&fOsimEJaTlc/j:o/tZ<!:^, ±3lEE2Hz>-fr36£ftLT&1 It 

[0058]||»|§IK42^|IJ»Mttm$ftfl|-r«^:. JUtfM 37bWb*l, |HlB#lC, b*ilx-*3 

-<D<!:^ Ml ;H#lH]SS43[i. ±^E7:-tr>-^34^tiJLfc^- | J^X33(7)±; J fLE*Pl t. ± 
^Sfi*>i^35A<«aiLfc^^X33©±3SEaSTi$,±aLfc3SaQ03taiSlcfcTI*ftr. 

MgE-e^-u^xss^jiia-r^w^xtDssEaQ^itajL. *(Dsam£fljffljii]!&42*rLT£<i 
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[0060]flHfc)[H]S&42-eii, gmLtznftim&femiZ&^&oiZ^ ±%LE.tlM'M#2'\X* i )7<< 
[0061 *'J?>rX33, ±af L E^I-tr>-9-34. ±;,t;UJf -fe>1f35, ± / : 5SE^^J^l/\*;U3S r 21 , 

>hp-740££frbfc*>#x&^ 

ti>x*zz>o ^\zit,±^B^pm^2r^ctzmz^x.±^Eitimm^i}^t i n^3 

3$X(DmmO)E.tlt>K PH^bPL^Tr(C|^T«0)lC^-ri,B#rBltltO^T,t=KK'x (V/SS) 
xln(PH/PL) x (273/T) 1/2 (ilLsKK'l*^|ft > Vli±;TiE^fW#21^b^U^X33^-e 

<7>.#m, ss[t^)y^x33(j)^mmm.Timny0 : ^m)x^mth^zt^mmt^o rss. ± 

3SE^$i|^P#21 ^b^-'J^X33$-e(D#ltVCDE^Iix ±^E^Hz>^34T^tH-r^C«i:^r^ 
&<> ;SJf Tli, ±3!ES«-b>-b-35"Cttai-r*Ci:A<-et-5o 

[0062RLT, 5£$j£&B#fc<i: Clfclvt, »»r#1 1,13,1 4$B3C-3K'0r#1 2, 1 5fc±3lEE* 

737£ttLT**UT#X©*£-£a^UI£l-t&. ^£>&, ±;7itE7J«P#21 ±3!iE7: 
*W#21 ^b^U^X33*T(DSffiV(DE7J^PH^bPL«[C|^T«<7)IZ^-r^B#rBlt^, ± 
3SEiE*-b>-9-34^LTBi»-r5„ luetic. ±jftE7JfrJ$P#21 ^b^'J^X 33*^0 gfl V<D;S 
J£t£, ±;7itS^-tz>-t»-35t:^iil-r^o 

[0063RLT, S&2;H3Usl8&44|::fcl,>T, ±3SEE**J^#21 frb*U:7>fX33£-ea)!iWV, E 
2lPH, PU #»V(DE^^PH^bPL*Tf|C|^T-r^(DIC^t^B#rBlt. MI5#»V(D;aJtT^. ± 

$*ifc+'J7-f ^33©5&^Bf®»ssl4«!|*<Dt,a) (lEflllcli, ;£&B#0)t,0) X&V , Hi 

®=wssiLrttm**i4o 

[0064]£f-, ±aLfct<D*aiS$fiJfflf SZ^JCkoT, *U^X33tf£&^&filC&<bL7i;: 

x£JII5glc®ii£i+&flj<7):|*Ig) icfctNT. Mt#1 1,13,1 4* fflC &$t#1 2, 1 5£±3SE* 
*lffl#2l£|llttfctt«g-e, ^>^^><7)m^7t^ 0 >^(lll^L^i:t^)^^2i!l^-l±, vx^P-n>hP- 
737£ftLt**U7#X0^£-SaaftUI*l-f-&„ fit, ±3SE*«iJffll#21*ffli:fc«lc, ±3SE 
E;ftfM#21frb*U^X333re(7)^i^^ 
0£, ±>7SE73iZ>^34£ttLT^#3Sftl/Cfc<o 

[0065]£blC, Jgffl^ttBl^ ICfclvC, HtillcLT, MtfM 1,13,1 4$Hi:, ttffiftl 2,15 
t±3SEE**iJ1»#2l$B|l+fctta|-e. ^>^XDm^7ts°>^(IH^L^^)^Si^, 7X7P 
-3>hP-737£ttLT**U7#*(D*£-j£aaLI*lt€>o ^LT, ±3SEE7J*J^#21 
fc&K, ±jJfEE73$IJ^J#21 ^b^'J7-<X33*-e(7)#«V<DE^^PH^bPL^lC|^T-ri)a)lC 
g-f &B#f!Dt£, ±3lEE**>-9-34^LTffi#L, ^'J^X33lz@|g^y^L^^0B#F B 1tO«t 
ff? 2 hk t& [U S§ 4 5 T? fcfc la ~f o 

[0066]^-(7)$gm, ±3SE7^*IJ^1#21 fr***)7jX33£X(DmmV<DE.tltfPHfr*PL£XlZ& 
T*S(D«*5ftfatJ&<,*y:7-fX33(Da^^ 

&i§£lcli, $2Jt«ll]B45l*77-Afg#££«U ^'J^X33^^m-r^lilC@IS*yL7iZ 
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[0067]-^, ±0SE**Jffl»#21 frtt l )74X33&V<D&mv<DE:tlifiPHfcbPL3iV\Z.&Tt 

€><Dicgi-5B#rat^*y7*x33<&Bis^^ ' 

7c3E#0>;i-'J 7-f 7L33<D*S*»f jB»SSA«JHil3?*l<6Ci:tft*. 

[0068] ft, Ml"C : ?■Mlll§7^)^^Hfc^'r>ICOL^r[*, £$B#ICfclvC, 7|-'J^X33^®ig-r-5 
*tfi^X3&<MaErfc-5Zt^+»lc5tft$*i, £fc> ^-y7^330)T/liEE*P2(T3SEE*-fe> 
1^51^{ll^^0)lc^^y^X33(D±^E*P1(±3iEE^^>^34^ai$H^ 
<D)©JtPi/P2jb<r|g#jMlj«fcy+flic*^ 

j&<Httv-x5o©j&?a35gaEJ:y+#ici£<fc^ 

^P2lCft^&*'J^X33(D±;7StE;ftP10^ 

^^^Mii-r^)W*'4^X(7)5SlMQ^\ Q=KK XSSXP1 X (273/T1 ) 1/2 ({§U KKttSjfiJU-S 
SI**y7**33©W&»riB».T1li;f'J^X33©^ 

[0070]ftoT, *W#Xj&<M3Slcfcy . ?|- | J^X33(7)T^E*P2lc^-r ^y^X330)± 
3SEE^P10)tbP1XP2^rpB||fi|jiU±|zfc^l^ ±yftE^-tr>+>"34T^ai^ti^ , ;^X33(7) 
±3£E*P1 ±3St;SJt^>i^35-e^ai^tL^ i ;^X330±;75 K L;^Tl ^icgo'iv-^ ^-'J^ 
X33£Wjt/ffiT*&iS?-5#¥4#X^ 

pi£±;,?iE;fcfr»^u:?2iTiit^ 

[0071]^-LT. @ftV-X50$^$$1i--5Z:tlZj;or, m^<7)^Sl3fc^,Elit:V-X50(7)W^ 

x$§&£.£-£&zttf-ezz) 0 ^or, gif*v-x5o^b^*^-y:^wi4^x^ v ^-y^x33^L 
t, cyDgg3orcttls&-r*^t^-e#*o ^ur. ±&Lfc<fc5i::* ^j^x33£Wi£S£rilii-f & 

[oo72]£fc, ^mmommo^xmi^ummmit. ±^Ktiwm^^±mizLtzm^iz, ± 

faKfiWW#21frtt*)74X333iV0>®mV0)E.l3tfs PHfrbPL«lc|i|T-r<5<DlC^-r3B# 
F B 1tlCO^Ta=KK' x (V/SS) xln(PH/PL) x (273/T) 1/2 ({IU KK'li^glL SSIi^'J^ 
^33fl)^Wf®»s T.I*ffirEV<Z)Sfi)T?ififtl**LS, * U:7-r;*33(DEa»Tftte£fi|ffl-f St 

[0073]$oT, ±3SEE**J»#21 ^b7j-'J^X33*-e0^ffiVt, E*PH, Put, ±Af±tiP\ 
P#21^ffl(zLf=*^lc % ±3!EE*ii>^34-tf^ai$4i-6frlBV<DE*PH,PLlzS^^rtt 
aO^HStO-efeor, MIBV(DE^^PH^bPL*-^[c|^T-r3a)lc^-r-g,B#F B 1t«!:, ±3SjBffi-fe> 
1*34T?fcm£ft6liirffiV(D;MT££^ 

sa-r 6c£#-e#s e fLt> z<D&?izw:ft£fttzmft<D* i )-?<(*33<Dfi&}mmmssits * x n 
coo74]ft.*ii]i<&^$<D#x&ii&w 

%$L&<DVtm\zmftLX^Z><J)T\ B;S3*E(0!la.tf, ^SCBaCC^H^op^HSV— 

O^TI*. 0. 65kPa^TT250°CJa±)IC^fc^lt^li^b^^li^^fe37!)<. Z(»t£lt. mW 
7-X50frb#*£i+fr*;ffi:tfX7b^^ 

ffl-C#&l^*5-t*l^fcy, ^-'J^X33(7)±3S£E^P1^^ai«±3i s LE^-tz>-9-34-efco 

[0075]^CT\E$i£m^igilj£;ft^^ 
im<!:LTt 0 7-m£ft£®fflT&::<!:l::<ky,@^^ 
Tt, ±;j£E;/:fM/^u?2iT^ 

T^U^X33(D±^E^P1^ai1-^«bl^l^^d:l^ai3LTL^o 
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±;^E^pi t. ±3S;ajHz>^34-e^ai^n^ , j^x33(7)±^;a^Ti tizm^x. **n<< 

ai^<!:±^;UJ£*>+f35<Dl$ai$£m£IC^^ 

mLXl^0X\ ^CD^'J^X33(D^m®»SS^\ *>)7<(7>33<Df%'kU}:\z^TmnUz 

Xs * i )7<x33<D%®mmmssomtzmzttfx*zz> 0 
[oo78tetz.*mm<»rmofi*mmnmmwx\t.±faE.ti^ 

X, ±3SE^-tr>+l-34CD^ai$gm^LTlS^^, ±0SE^$lJ^/<;U^21 frb*-'j:^X33£ 
T?<D#«V(DE2l#PHfrbPL£^|::|$T^ 

m£(m*-i£s mw*£mmzmmttm<DftM)oftmtotftmt&ztiz&-ox. mw<D**) 

y>(X330um^mmm^mt^zt^x^^ox^ i jy^33^^t^m\z^itLtzzt 

&ftmz%\z>-e&ztrfx$& 0 

[oo79]^tz^mmoBmoisx^Mmmm\z^xit.t , jy^^330±^K^^mw 

-f 3±;TiE*flj$PA;u:?21 #E$I£ %XMWl£ft& : b(DX*foZ>ttt\z s *>)Z?4X33<D±}fcE.73 

Pl£&aJ^i>±^E±liz>im#t7-E^^ 

i!i;£TfcoT&> ±3i!E;M^ 

^>^34^U^X330±;^E^P1^ai1-^C<hlC^Pt^d:lN(DT\ IH*7-X50frb^ 

[oo8o]*^. *nmmmofi*m&mw£w.iz&^x\t. ^*4^x^cvdsm3oic^^lt 
fey. cvD^M3oiz{4^^n^i^(DW^x^ii^-c^sj^^c<t^^<, 

£^&^;e*y^X33^iIil£i^to 

[0081 ]fSk ^BJ(*±IBHSS(7)^Slcll^n^<i:^<, ^(D^t^^L^^IBH-C^^^^ 

[0082]^J^[*. ±15limcD^S(D^X^i^$lj^^ST-|*^U^X33^^^^Jiig-r^^*4 

^JiP^#^)C(i:tT^§o ^Hlzlt. * i )7j7>33£W%mffiX&&tZmW*(D%LwQ'tf. Q' = 
KK" XSS X ((P1-P2)xP2) 1/2 x(273/T1) 1/2 (<IUKK" 1*^^,831*^^X330)^ 
MSWs P1 l*7|-y^X330±^E^^fcoT±;;fiE7]^>^34-e^t±l^^ : ta) N P2[*;f'J 
:7^X33(DT^iE2]T-fooTT^E:frHz>-tf 51 XtfHti£tlZ>=b(D, T1 l*^-'J^7.33(D±^Jt 
X^X±^miiyV-35Xik^h^t(D)<D^)^^0^X&jL^ti^. 7^X33 0)E*l 

[0083]ftoT, ttWSXfim^&lfclZfolxif, ±^E^-t2>^34-e^tb^n^ l J^X33a)± 
3HE^IP1 T3SlE^-tz>^51 ^&fcfc£ft$*U:^X33<DT;ftE2jP2<!:, ±^;Uj£-fe>^35T? 
&aj£ft&^J7'fX33(7)±^;£]£T1^ 

(DjJitMQ'^aj-r^Ct^T^^o £fr. ^-'J7-<X33(7)±;;fLE7]P1^±;jrLE7]M/\^21 X 

IJiirf6<t£&lc;!N^X33<DT;1£E^^ 

?>TX33£ffi^iI;j^®i£^3*;ffi;tfX<7>^^ 

[0084]C^cfey, ±^E7Jiz>^34T^aj$H^U^X330±;Ji£E7]P1«t, T3i!E^H2>+J- 
51 T:^t±i^tL^'J^X33(DT3fEE73P2<!:, ±«^-tr>^35r^tH^tL^ l J^X330± 

£T3SEafliij^M*;u;?20T*lif^ 
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[0086]*fr, ±!3*lfia)»ll8(Dirx^<&«iJ(B«!ll3fcL^Ttt, tt*4#X£CVDg«30l::#l£L 

*£#^ii3Sre*y:vx33£Si^ 

[0087]*^ ±'ffiSSJ6<DJ&8gKfcl,vCI*. V«J>^32F'i$t-^T*250 o Cr*-^lfri»^i:lCck 
t , )-?<(Z33<D±%t}&&J'\£-m\ZLTm> H<*V-X5O3^&*»*-frfc*f»*rX0>ttl&* 
SBfcfclxT , ^-y7^33©±3SESJST1 £&tt<&afcfr brtLTl^tf, t-^&ifC* 
y^X33(D±3SEMT1 $ISW^*CtlC < feorts.@i*V---X5'0^bM$1i-fc*t»^X<Dffi«& 

[0088]*fc. ±IBHSfe(DJf^S(D^Xtt^fij^|]^ST?[±, *'J7-f X3336<*t»*XlZckdTB-tt*y 
#jg#^n^£lc^T, *U:7<X337b^ 

O^^TEWLTL^€)7&^^y^^33^^X[CcfcoTJg^*^Wt^^^lCfcl^rt,,7|- , J^ 
[0089]Z(D t£\ts ±?l!E^tl|^#21 ^b^y^X33^(D^j»V0)E^)^PH^bPL*-t:ic 

»T«o>izjf«i*iwt36^ ^y^-f x33ojj»A A^^it^ (ttwsxzmmzmm-ematfi 
7jZ33tf%mtz>m\zm-kLtzzt$ftmz%at>i*:& 0 

[0090]-7a, ±3SE**Jffll#21 frb*U3VX33£T?(Dl^V(DE;^PHfrbPL3^^ 

[0091 ;i0>i§£ii, *y?fX33^£&-f &n tcja^Lfctro-efift^a)-^ ±asui:5ltfe<D 
^-y^xss^^Bfsmss^tH^^ci^^^c tot, ^07|-y^X330W^I»T®mS 

S^, **)747,33<D&'ktiLE\Z&'DXM1ti\Uz [ >) UT4k *y7**33£M3lErffljfi«#*«fX 

[oo92]^f-, ±nmmmm<Dis*&®$m£wxit. mmtLx, ^jy^x33^mmLx^ 

[oo93]!f#ic % yX)^oxa-hn<DT^iz^x^m^nifhhxi^%(Diz^xit. 

X33^&£<7)yX;U4^]^ 

a^G&y^<7>±3riE7DPi<h^^^ 

*Wffl*«Kl^K«fr(»y»0TSfcflEAP2lc»-r-6»y»(D±SltE*P1 0>ltP1/P2) 

coo94]*7t, ±ftnm<DMmz&i*xit, mtov-x5ofre>&mttt=.wnis*&* *m&m& 
mw<D-uxfoz>cvDmw3o\zttLxm&Lx^z>tf: *m&m&mw<D-ux*&ox. torn 
<D'£mzttLxm®Lxibn\ mz. *m&m&mmi>m<D'mmizftLx&&Lx& 

[0095]**:, ±IBHma>^Slcfct^rii. T3lEEa-fe>-*51 <hLrt 0 7-K^It^fflLT^^) 
tfs t , )74*33fr*&fttztZ?>XT%LEitlP2%tfiftt&ZtlZj:'DX. @tt7-X50^b#*£ 
■frfctt^xoaS^ff^ait^^i^cjri^btt, T9!EE*-b>-9-5l l*tf7-K£tH::|g<5& 

[0096]*fc, ±IB£HS<DJ&JBl3fclvCli* TjjSEE7D*iJ^l/^U^20 < i:Lrmmm^--eigi!)$^ : t 

<D£&mLx^z>tf* t , jy^x33^h^tzbxT^.KtiP2^mmt^ztiz^x, m*v-x 

50frb»*1*fc«*fctfX(D;BJ£<D^^ 



file://C:\Documents%20and%20Settings\bepatterson\My%20Documents\JPO\JP-A-2000-l... 6/7/2004 



JP-A-2000- 122725 Page 14 of 16 



[0097] 

m*mi£mz&ozktfx$%0x\®wv-xfr*m¥tttzm 

[oo98]*fc, xmmiixm&Mmmwxit. «y»£aa«#*wr*o>stt£*ai««Hc 

ai^m£<::£^T3rai£;hfdi$y*iw^ 

[0099]*fc.**W0)^ttl&W»S11^l*,±aE*4r>«ttai**L*«y»O±3ICE* 
£,T3!EE**>1H:*&aj£;|i&&y^0^^ 

j£<tlcSoVT, «fty»£ffiMfcT?aa«tt*4#*<D3lE*£*aJU *7is »y»<D±3lEE*'$ 
±;7fcE*fl»0l^il^ 

*y , «y^$aiwJi^ffiia^*tt^x<D3SE**iftSfiicft,oc:tA^#5fl>T?, feyatesw 
[oioo]*fc, **wfl>*^ttte*Jiwssi^ft^r, «ysua>±3$E*sia«s«±3SEE**j»/< 

/^^■c«y»<D±aE**n*-r-5ct^, ±3SEE*-ir>-9-e«y«Pfl)±3iEE**ttaj-rs^ 

i:A^<l6-Cfc*o- 

[oioi]*fc, **wa>^^«ai#jw'Stt(Dtty»i*, tvnx* yxjvtsofifi^mtstiw. ft 
iz. yX;nzoiNTii> 7>a-b1R<DTfa\ztottbWftttiibftxi*&t»<DVlbh& % *y?-cx^ 
/;Oufc«!:\!:E^&y^(DT^ 

«y W©TaEE*A<J±RWiSl^)*^T?t, XP-KSPlcfclt-5Wii3SEI*«H#*3liSa>T?, *m#x 
£W&3SET*aa£l*fcl^£lcfcUvT.^ 
<DT3SEE*rc^-r*«ySpa)±3!EE*<DJt)$«ft-r§^t3&<"C^o 
[0102]£fc,*#PJ?(D;tfX&^ 



[m]*y^*©T3iEE*l::a«*U:7*x©^ 

*y7*x£aaT**t*Wf*0)aE*l*. *y:7*x©T3SEaK&S£*i$^£fcC -^icfe*^ 

20 T/^E^*Jffll/N*;U^ 

21 ±3(EE**Jffl>/^ 
30 CVD^f 

33 
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